Abstract
Introduction

35
The diversity and populations of native livestock breeds have dramatically decreased due to the 36 dominance of a few breeds that have been selected for greater productivity (Rischkowsky and 
45
This could then be used to maintain the genetic diversity of native variants and eliminate the introgressed 46 variants.
48
Genetic introgression is the movement of genes from one species into the genome of another via crossing.
49
Therefore, genetic introgression can be difficult to detect without molecular data (Fitzpatrick et al. 2010;  50 Ryan et al. 2009 ). The development of the Sanger-PCR methods has enabled estimates of genetic 51 introgression using partial DNA sequences, such as mtDNA sequences and single sequence repeat (SSR) 52 markers. However, detecting genetic introgression using partial DNA has some problems. For example, 53 mtDNA is maternally inherited and does not recombine, so it can only be used to detect genetic 
74
In this strategy, genomic DNA is fragmented using restriction enzymes and sequenced using 75 next-generation sequencing technologies to obtain SNPs that are located next to target restriction sites. 
95
In this study, we examined native Japanese horse breeds on Tsushima-island in Nagasaki prefecture,
96
Japan. The breed Taishu is listed by the FAO as "critical maintained" (Rischkowsky and Pilling, 2007;  97 Scherf and Pilling, 2015) . Taishu was introgressed with the Anglo-Arabian breed for military use during
98
World war II (Hayashida, 1972) . There is documented evidence of this genetic introgression, which 99 describes one main event of crossing between these two breeds (Hayashida, 1972 
162
The PCR products of all samples were combined and concentrated using AMpure XP beads. The combined 163 PCR product was mixed with equal volume of AMpure XP. Then, the mixture was placed on a magnet, and 164 after 5 min its supernatant was removed. The remained beads were washed by adding 75% EtOH in excess 165 volume than the mixture and removing the supernatant after 30 s; this was repeated twice on the magnet.
166
After addition of 50 µL nuclease-free water, the beads were resuspended by pipetting and kept at 25 °C. for 
185
Genome-wide locus-based phylogeny
186
We also reconstructed the phylogeny of the genome-wide ddRAD-Seq data set in RAxML (Stamatakis, 187 2014 ). We used the GAMMA+P-Invar model of sequence evolution and performed a single full maximum 188 likelihood tree search. We applied that the rapid bootstrap algorithm with 1000 replicates to each data set.
189
The resultant tree was plotted using Figtree (http://tree.bio.ed.ac.uk/software/figtree/). 
241
Material S1a. We used 9 609 SNPs for analysis, filtered using the criteria over 75% matching samples, 1 242 SNP, 2 alleles, cut off 0.05% minor alleles, and mapped them to the chromosomes. 
257
To estimate a migration rate of the genetic introgression from Anglo-Arabian into Taishu, the TreeMix 258 approach was applied to all 6 breeds. A tree with 0 edges (i.e., no introgression event) explained 98.55% of 259 the variance in relatedness between breeds (Fig. 2a) . When a 4% migration edge was allowed from 260 Anglo-Arabian into Taishu, the variance in relatedness between breeds was explained by the model that 261 reached 98.80 %, which was the best-explained migration weight at an introgression from Anglo-Arabian 262 to Taishu (Fig. 2b) , based on the assumption that migration did not dramatically improve the variance in 263 relatedness of the tree. (Fig. 3a) . One cluster included Taishu, another included Miyako and Yonaguni.
270
Kiso, Hokkaido, and Anglo-Arabian consisted of 1/3 Taishu cluster and 2/3 Miyako-Yonaguni cluster.
271
When K = 5 and 6, results showed an Anglo-Arabian cluster, and that all breeds were grouped individually; 272 however, some Taishu were partially included in the same cluster as Anglo-Arabian. Then, we conducted 273 additional structure analysis using genomic data from only Taishu and Anglo-Arabian. Based on Ln P(K) 274 and delta K (EVANNO et al. 2005), we determined that the optimal value of K was 2 (Fig. 3b) . When K = 275 3, results showed an Anglo-Arabian cluster. In both analyses, we observed 10 individuals who comprised 276 0.1-10 % of the Anglo-Arabian cluster. However, this degree comprising Anglo-Arabian cluster was 277 detected in all 5 Japanese native breeds (Fig. 3a and Fig. 3b ). 
350
We calculated the nucleotide diversity (π) of 5 Japanese native horse breeds as the index of genetic 351 diversity. The nucleotide diversity of Taishu was significantly lower than that of the other breeds (Fig. 7,   352 Bonferroni-adjusted Welch's t-tests, p <0.001 each). However, the inbreeding coefficient (F IS ) for Taishu   353 was not lower than that of other breeds (Supplemental Material S5). Taishu had many unique SNPs (Fig. 6 ),
354
but most of them have low frequency in the current population.
356
Discussion
357
Genetic introgression from Anglo-Arabian to Taishu
358
We conducted the main 8 analyses to confirm genetic introgression from Anglo-Arabian to Taishu and to 359 estimate genetic diversity of Taishu (Table 1) . First, we reconstructed the ML phylogeny by using 360 ddRAD-seq markers to confirm admixture between Anglo-Arabian population and Taishu population ( 
385
Then, we conducted STRUCTURE analysis to assess the degree of genetic introgression at individual 386 level ( Fig. 3 and Table 1 ). The results of STRUCTURE Analysis showed that 10 individuals of all Taishu 387 individuals comprised 0.1-10 % of the Anglo-Arabian cluster. As this degree of Anglo-Arabian clusters 388
were detected in individuals in other Japanese native breeds ( Fig. 3a and 3b) , it is not enough to conclude 
416
We counted the shared SNPs to assess the genetic introgression at loci level and to confirm the 417 signatures of genetic introgression were derived from recent genetic introgression during WWII (Fig. 6) .
418
There was a low number of potential introgressed SNPs on chromosome X (Supplemental Material S4).
419
Although 
441
The nucleotide diversity of Taishu was significantly lower than that of the other breeds ( Fig. 7 and Table   442 1), despite the genetic introgression from Anglo-Arabian, which increased the nucleotide diversity of this 443 breed. This is consistent with the results of other tests of introgression ( Table 1 . The summary of the analysis and the results in this study. 
